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(57) Abstract 

In a method and an apparatus for the manufacture of reinforced ply fabric material (11, 12) for use in construction 
of a pneumatic tyre one or more elongate strips (1 1, 12) of flexible reinforced polymeric tape are wound helically around a 
mandrel means (36) with successive turns in contact to form a tubular structure much wider than the width of the tape (11, 
12). The tubular structure is then cut across its width and removed from the mandrel means (36) in the form of a sheet of 
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. 1. 

A METHOD AND AN APPARATUS FOR THE MANUFACTURE OF PLY FABRIC MATERIAL 

This invention relates to a method and apparatus for the 
manufacture of ply fabric material and in particular, although not 
exclusively, to the manufacture of ply f abide material for use in the 
5 construction of reinforced elastomeric articles such as radial or cross ply 
type pneumatic tyres. 

Tn the manufacture of flexible reinforced polymeric sheet 
ma terial which is commonly known as ply fabric material, especially in 
connection with the manufacture of pneumatic tyres, it is established 
lb practice to employ a large calender which produces two superimposed and 
unvulcanised rubber films or veneers between which is fed a textile fabric 
reinforcing web of a width equal to that of the films. The fabric 

• reinforcing web co m prises a plurality of mutually parallel ♦ warp cords which 
extend lengthwise between the films and transversely extending weft 
15 elements which assist in maintaining relative alignment of the warp cords 
during calendering. During calendering the fabric web becomes 

impregnated by the unvulcanised rubber films. 

The resulting long length rubberised ply fabric material is 
batched by winding into large rolls. SUbsequentiy it is cut into 

20 individual reinforcement sheets of rhomboidal or rectangular shape and the 
Original side edges of the sheets when in the initial long length roll are 
then joined successively in a side-by-side manner such that there is 
produced a new re-orientated length of material in which the cut edges form 
the new outer edges of the re-orientated length. the new length of 
25 ' material is then batched into one or more further, processed rolls. 

The processed rolls so formed are then transported to tyre 
building machines where the fabric is fed out, Wound around a tyre building 
former to create a band which extends fully around the former, cut to 
length and completed with an overlap joint. 
30 When applied around the former the warp cords will lie parallel 

with the axis of the former in the case of long length ply fabric which was 
cut into rectangular sheets or at an oblique angle, typically in the range 
from 0 degrees to 70 degrees in the case where the. ply fabric was formed 
into rhomboidal shaped sheets. 
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The manufacture, processing and handling of such large rolls of 
ply fabric- necessitates the use of large, heavy and costly equipment which 
is expensive to run and maintain and which is not well adapted to producing 
articles of a range of sizes. 

5 Additional problems can arise in the case of tyre fabric having 

warp cords made of high tensile wire and in particular cords of a cabled 
construction. It is then necessary to provide large creels containing 
several hundreds of drums of single wires and this takes tip a considerable 
amount of factory floor space. . ~ : , • . * 

10 Each wire must be fed through its own tenoning' system and a 

number of collecting and separating frames before entering a final 
collecting frame and then passing over gvdde rollers into a calender. 
Threading the large number of vires is time-consuming aqji costly. 

The multiplicity of wires are fed between two layers of 

15 unvulcarrised rubber comppiDid vhkh of the calerxier causes to 

impregnate into the spaces around and between the wires. The resulting 
long length ply fabric is t^en ba^ into large rolls for 

subsequent storage and fat^ cutters. At the 

fabric cutters the nibberised ply fabric is cut into sheets which are then 

20 joined in a side-by-side manner as described above in respect of textile 

...... reirforced ply |abi^ ; . 

• Umjs many of tire problems encountered in producing textile 
reinforced ply fab^ material arise also in producing wire reinforced ply 

fabric ma terial . , " :^u. .„; 

25 An object of the present invention is to mitigate or overcome 

the above described problems associated with established practices for the 
manufacture of textile or wire reinforced ply fabric material or like 
reinforced polymeric sheet material. 

In accordance with one of its aspects the present invention 

30 provides a method for the manufacture of ply fabric material comprising 
fcrraing an elongate strip of flexible reinforced pNplymeric material of a 
kind comprising warp reinforcing elements embedded in polymeric material 
and arranged to extend in the direction of the length of the strip, winding 
said elongate strip h elically around mandrel m eans with successive turns 

35 of elongate strip material in edge contact, thereby to form around the 
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mandrel means a reinforced tubular structure the width of which, as 
considered in the direction of the length of the mandrel, is greater than 
that of the elongate strip material, cutting said tubular structure across 
its width and then removing the cut material from the mandrel means to 
5 provide a sheet of flexible reinforced polymeric material. 

The cutting operation may be performed to cut the tubular 
structure parallel with the length of the mandrel means thereby to result 
in a rectangular shaped sheet. Alternatively the cutting operation may 
be performed to cut the tubular structure helically relative to the 
10 lor^itudinal axis of the mandrel means thereby to result in a sheet of 
rhombcddal shape. The helical cut may be obtained by moving cutter means 
" helically relative to the mandrel means or by moving; the cutter means 
across the width of the mandrel means, preferably in the direction of the 
length of the mandrel means, whilst simultaneously rotating the tubular 
15 structure on the mandrel m eans. The latter m ethod of helical cutting has 
the advantage that the angle of the cut may be varied easily by changing 
the speed of traverse of the cutter relative to the speed of rotation of 
the tubular structure and there is then no need to provide means for 
enabling a cutter to move relative to the mandrel means in any of a range 
20 of helical paths. 

Preferably the method comprises also using or forming and using 
5 1 • an elongate stop of flexible polymeric material of a kind, and/or formed by 
'"' a m ethod, the subject of our co-pending United Kingdom Patent Application 
* of even date entitled' "Flexible reinforced polymeric material". That elongate 
25 strip- may be described as a strip having uncovered edge regions. During 
helical winding on the mandrel means neighbouring edges may be caused to 
overlap and optionally interlock to form a helical joint the thickness of 
which corresponds with the thickness of the main body of the strip 
material. Either one strip may be wound around the mandrel means or two 
30 or more strips may be wound simultaneously in the manner of a multi-start 
helical thread. 

The method may further comprise applying the cut sheet material 
to a former, such as a tyre building former, with the warp cords extending 
obliquely or at right angles relative to a plane perpendicular to the 
35 longitudinal axis of the former. 
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lb accordance with another of its aspects the present invention 
provides a mandrel station for the manufacture of ply fabric material 
comprising mandrel means comprising at least two rotatabLy mounted 
support drums, an, endless support belt which extends around said drums, a 

5 belt guide means assembly around which the belt extends between the drums, 
said guide means assembly being arranged to guide the .belt whereby it 
defines a peripherally discontinuous mandrel support surface, and associated 
with said mandrel means strip guide means to guide strip material for 
helical winding around the mandrel means aiKi Qigtter means axrangfd for 

10 traversing movement relative to die mandrel means in the region of said 
. belt guide means assembly. 

The belJt guide means assembly preferably is of a kind which 
guides the belt around a locally inwardly extending path ^ch th^t: there is 
a discontinuity in the .ett visible support su^f ^ce provided, by the 

15 endless support belt., j. ) c . x ii 

Additionally" the apparatus may comprise applicator means for 
cutting, holding and feeding reinforced strip material, ^o referral to as 
a. "tape! 1 , 1^ t^fcie mandrel support surf ace, Ixansf^ mea^ fo^ tran^<Hnirig 
the mandrel means JB^m a strip winding station ^ 

20 station, handling means for removing cut ms^^^ mapcfcel support 

surface and drive means to drive the endless support belt,._ v « ^. 

A typacal m etiicd m a<^^ invention for 

s v mapirfactaii±ig a; Aeet ,pf |Ay fabric , m^tettel ^tarts with tte pj^ction of 
a composite and .consolidated reinforced K tape in which a pkrmlity of 

25 parallel warp cords, are fed under a predetermined tension from a creeL to a 
collecting to cords together into parallel alignment 

prior to feeding into ., a .calender where they are sandwiched between and 
impregnated into two rutbery films. 

The reinforcement filaments of the cords may be of any material 

30 generally used in tyre reinforcement manufacture, for example rayon, nylon 
or steeL The filaments may be in the form of cord whiph J$ treated to 
enable it to adhere to rubber but no rubber coating is n^^^ f^f^ to 
the cord entering the calender, which eliminates handling pro usually 
associated with rubberised cords. 

35 Application of the tape to a rotatable mandrel means takes 
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place through an applicator means, which travels over the mandrel support 
surface parallel to its longitudinal axis, at a speed which is related to 
the belt speed so as to give the correct and carefully controlled overlap 
of each successive turn of the tape. 

5 The width of the tape may be varied selectively by means of 

•interchangeable sleeves in the- calender and by varying the number of . cords 
passing through the calender. Thus a range of lengths of tubular ply 
fabric of helically wound tape as measured in the direction of the axis of 
the mandrel means can be achieved. 

10 The mandrel means may comprise a mandrel support surface the 

effective peripheral length of which is selectively variable in order that a 
wide range of sizes of ply fabric material may be produced without wastage. 

When a sufficient length of tape has been produced and fed to 
the mandrel means it is . cut at the tape applicator- so ai to bring the cut 

15 end in line with the start of the wind. 

The 'mandrel means is transferred to a cutting and ply removal 
station where a cutter runs substantially parallel to the axis of the 
mandrel means, or at, some angle thereto, depending on the bias angle 
required at the tyre building machine. The cut line preferably is 

20 coincident, with the starting and finishing . ends of the tape, so as not to 

create any wastage. , 

The line of the cutter may be set at a small angle to the axis 
of the mandrel means in, order to compensate for the slight angle produced 
by helical winding. ' This enables production of fabric which has cords 

25 extending at right angles to the cut edges. . . . .. , ; .... 

Tf the cut is made at a greater angle than this to the axis of 
rotation of the mandrel means the resulting ply pieces will have cords 
extending at an oblique angle to the cut edges. This is what is referred 
to as a "taaS'-cut fabric ,, . 

30 After cutting the tubular ply of fabric into a sheet the belt 

may be rotated to bring a raised cut edge to a set position below the 
mandrel means in order for a carriage to move into position and remove the 

ply fabric Sheet. ; ■ ■ 

The carriage contains means for clamping the exposed edge of the 
35 cut ply, so that it may be pulled off the surface of the mandrel means and 
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laid upon a component carrier whereby the cut ply edges overhang the edges 
of the carrier. 

The carriage also contains means for sensing the outer edges of 
the ply pieces so as to centralise the ply accurately upon the carrier* 
This compensates for the variation of the positions of subsequent ply 
pieces around the mandrel means due to the helical winding effect. In 
addition, stepper motors within the carriage control the position of the 
carrier for precise alignment of the carrier relative, to the ends of the 
ply. Means is provided for securing the ply to the carrier. 

Embodiments of the invmtiori s^ifftV to textile ply fabric used 
in radial tyre production will now be descdbed by way of example with 
reference to the accompanying dia g ram in atic drawings, in which: 

Figure 1 is a vfew of apparatus for forming tyre fabiic in 
accordance with the invention, s 
15 " Figure 2 is a sectzbnaL view of one form of the upper half of a 

Figure 3 is a sectional view of the lower half of a tape which 
is complimentary to the top half stowti in Figure 2, s 

Figure 4 is a skxticnMl view of Another form of the upjper half 

20 of a tape. 

Figure 5 is a sectidnal view of the lower half of a tape which 
is co momentary to the top half ^howti in Figure^ ' " ' /;; % 

* Figure 6 is a sectional view of thk co m posite con^ohHated tape 
produced by both forms shown iii Figurfes 2, 3, 4 and 5^ r p^vr^/*. 

Figure 7 is an ^meddc view of a rtiahdrel means showing a 
co m pleted tubular winding of t&pe^ 

Figure 6 is a lbr^titiidiiM sectional view of 
ply fabric envelope as it appears on the mandrel means showing the special 
ends produced by use of a tape in the form shown in Figure 6, 

Figure 9 is a view of the mandrel means at the ply Cutting and 
removal station lowing a cutter arid clamps for ^^ping the ply oh the 
carriage, prior to removal of the ply from the mandrel means, 

Figure 10 is a view of a six-roll calender looking downstream 
and showing means of adjusting the width of tape and thearis of adjusting 
35 the final guage of the tape, 
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Figure. 11 is a plan view of the apparatus showing that the 
winding station and the ply cutting/removal station may be part of a turret 
which may consist of one or more winding and ply cutting/removal stations, 
and 

Figure 12 is a plan view of an alternative layout showing a 
shuttle system, whereby one tape producing apparatus winds tape onto one or 
other of two mandrel means fitted to a carriage which is able to shuttle 
from one ply cutting/removal station to another. 

Referring first to Figures 1 - 4, Figure 1 shows a diagram matic 
view of apparatus in accordance with the invention in which pre-treated 
cords 1 are fed from cheeses or. cones 2 in a creel 46 (shown in Figure 11) 
through individual tensioning units 3 to a cord collecting frame 4. 

At this point the cords may be divided into two sets of cords of 
many different configurations, prior to being fed into the central nip of a 
15- ax-roll calender 47 (shown in more detail in Figure H). Rubbery 
compound produced by two small cold feed extruders 48 (see Figure 11) is 
introduced in rod form into the calender at two locations: .firstly between 
calender rolls 5 and 6 and secondly between rolls 7 and 8 (see Figure 1). 

A small rolling bank of compound (not shown) is maintained 
between rolls 6 and 9 and between rolls ^8 ^VlO^ t^ese paired rolls 
respectively producing' the upper 11 and lower 12 films of rubber for the 

coritiuctibri of the tape. " "' [" ""■ '"T~"\ . 

* ' Rolls 5, 7, 9 and 10 are" male rolls which - fit closely inside the 
female rolls 6 and 8. The rolls are constructed in such a manner that 
25 changes in width dan quicldy be achieved and bearing housings for the rolls 
V. aire mounted in such a way that rubber guages can be changed easily. 

An upper set of cords 13 from the collecting frame 4 passes over 
grooved guide and pressure roller 15, which: embeds the cords into the 
rubber veneer 11 against the calender roll 9. Similarly a lower set of cords 
14' from the collecting frame 4 passes over a grooved guide and pressure 
roller 16 which embeds the cords into the rubber veneer 12 against the 
calender roiL 10. 

The upper and lower sets of cords 13 and 14, respectively/ are 
so arranged as to be complimentary to each other. For example, they may 
35 be arranged as shown in Figures 2 and 3, or Figures 4 and 5, or in a 
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variety of other ways including those described in our aforementioned co- 
pending United Kingdom Patent Application of even date entitled "Flexible 
Reinforced Polymeric Material". 

If either, of the configurations drown by Figures 2 - 5 are used 
the final form of the tape appears as shown in Figure 6, with the upper and 
lower rubber veneers 11, 12 transversely offset. The staggering of the 
upper and lower veneers 11, 12 is achieved by offsetting the upper half of 
the calender with respect to the lower half, as shown in Figure 10. This 
offset is important in order to achieve the "jointless" ply construction. 

The upper half of the. calender, consisting of rolls 5, 6 and 9, 
is able to move sideways as indicated by arrow. A of Figure 10 in order to 
achieve the offset. »•• Geared motors 17 and 18 drive the upper and. lower 
halves of the calender through respective gear sets 19, 20 and 21 and 22, 
23 and 24. The final nip between rolls 9 and 10 is adjustable by 

15 movement of the lower half of the calender in the direction of arrow D in 
order to achieve the desired .thickness of the resulting co mpqsite ply fabric 
tape 25. The ply fabric tape 25 is stripped off roll 10 by a contact 
roller 26 and then passes . through a festoon, 27, which consols the speed of 
the calender. The tape 25 is then fed to, a tope applicator 28 whiph is 
able to traverse in the direction of arrow B of Figure . 12 across the face 
of a mandrel mear^jhjerein^ as a mandrel 29, parallel to 

its axis, by means of a driven leadscrew (nf>t shown), .. fi . , 

- ^ The tape,, applicator 28 . ; may be raised and lowered as shown by 
the direction of arrow C in Figure 1 and contains a laying/pressure roller 
30, a ; cutter unit : 31, gripping roller 32 and guide rollers 33. Also 
mounted on the tope applicator 28 are a pair of guide rollers 34 which, 
together with a similar pair of rollers 35 mounted on a fixed frame (not 
diown) positioned above and at a suitable distance from the lower rollers, 
turn the tape through 90 degrees in order to acco m m odate the oscillation of 
30 the applicator across the face of the winding member in the direction of 
arrow B. 

The leading end of the tape 25 is laid onto the winding surface 
of mandrel 29 by lowering the applicator 28 so that the laying/pressure 
roller 30 makes contact with the winding surface. The speed of rotation 
35 of the winding surface, the advancement of the applicator carriage and the 
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width of the tape are predetermine! so as to give the correct amount of 
overlap of tape at each turn and the correct length of the envelope across 
the surface of the mandreL 

At the end of the run of tape 25 the mandrel stops in such a 
position that the end of the tape, when severed and laid on the surface, 
aligns axaaHy with the start of the tape. The envelope of the wound 
tape is transverse on the mandrel and is shown in cross, section in Figure 

8. • -". v ' • 

The mandrel 29 (see Figures 11 and 12) is described in more 

detail in our co-pending United Kingdom Patent Application of. even date 
entitled "Mandrel Means", lii the mandrel means an endless belt 37 (see 
Figures 7 and 9) is fitted around two drums 36 and passes around a belt 
guide means assembly in the form of a take-up station consisting of two 
idler rollers 38, an adjustable roller 39 and an air flotation unit 40. 
15 a complete range of ply widths, measured along the cords 1, may 

thus be obtained by suitable selection of drum centre distances. 

At the ply cutting and. removal station a driven circular knife 41 
is brought into a position (see Figure 9) at which it cuts through the ply 
envelope at an angle equal to the tape helix angle to give a 90 degree cut 
20 to the cord line. 

During the cutting operation high pressure air is introduced to 
the flotation unit 40 to produce a gas (air) jet which raises the lip of the 
ply material. This unit is used with low pressure air for the initial 
transfer of the leading end of. the tape across the gap in the belt at 
25 commencement of helical winding. Having cut a plurality of ply pieces 

the cutter may retract to its parked position 42 and a ply removal carriage 
43 (see Figures 9, 11 and 12) moves into position under the mandreL 

A set of clamps 44 mounted on the carriage 43 grips the edge of 
the ply materia] and pulls the ply off the mandrel as the carriage moves 
outwards. During this operation the ply material is accurately positioned 
onto a component carrier 45 on which the ply is transported to the building 
drum of a tyre, buil d i n g machine. 

It will be appreciated from the above description of the present 
invention that it facilitates elimination or at least reduction of the need 
35 conventionally to provide large creels, calenders, cutting and batching 
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equipment- Furthermore, it facilitates the use of either extensible or 
inextensihle reinforcement material and the attainment of quick changeover 
times from producing material from one type of cord to producing material 
from another type of cord* 

Rapid changes in the size of fabric for use in applying to e.g. a 
tyre building former may be attained by varying the total width of 
reinforcing tape wound helically around the mandrel means and also by 
adjusting its peripheral dimension. 



WO89/04246 



PCT/GB88/00983 



11 • 

CLAIMS:. 

1. A method for the manufacture of ply fabric material comprising 
forming an elongate strip of flexible reinforced polymeric material of a 
kind com prisin g warp reinforcing elements embedded in polymeric material 

5 and arranged to extend in the direction of the length of the strip, winding 
said elongate strip helically around a mandrel means with successive turns 
of elongate stnp material in edge contact thereby to form around the 
mandrel means a reinforced tubular structure the width of which, as 
considered in the direction of the length of the mandrel means, is greater 

10 than that of the elongate strip m atprial, cutting Said tubular structure of 
strip wound material across its width and then removing the cut material 
from the mandrel means to provide a sheet of flexible reinforced polymeric 
mkteriaL 

2. V The method of claim 1, wherein the tubular stmcttire of strip 
15 wound material is cut helically* 

3. The method of claim 2, whermn the tubular <^<ittn:e ; is cut 
helically by moving cutter means heliiMy r^dve t6 the longi^ 
direction of the mandreL 

20 ' 4. The method of claim 2, wherein the tubular structure is cut 

helically by moving the cutter means across the width of the ra andrel m eans 
whilit sLm tOi^neoL^y rotita^ tfie tufciiiar* stinicture on the m andrel in eans. 

5. The method of any one of the : preceding claims, whefisin the 
elongate strip is wound onto a m andrel m eans cd mpriking an endless support 

25 belt arranged to define a peripherally discontinuous mandrel support 
surface for the wound strip. 

6. The method of claim 5,. wherein the cutt3fig Gyration is 
performed on that part of the tubular structure aligned with the 
discontinuity in the mandrel support surface. ; 
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7. The method of claim 5 or claim 6, wherein a cut edge of the 
tubular structure is lifted relative to the mandrel surface by means of a 
gas jet. r 

8. A method for the manufacture of ply fabric material substantially 
5 is hereinbefore described with reference to the accompanying diagrammatic 

drawings. . -^v-'- 

9. Ply fabric material manufactured by the method of any one of the 
preceding claims. ...... . ; , ... ... 

10. Mandrel station apparatus for the manufacture of ply fabric 
10 material comprising a mandrel means comprising at least two rotatably 

mounted support drums, an endless support belt which extends around said 
drums, a belt guide means assembly around which the belt extends between 
the drums, said guide means assembly being arranged to guide the belt 
whereby it defines a peripherally discontinuous mandrel support surface, and 
15 associated with said marrirel means strip guide means to guide strip 
material for helical winding around the mandrel means and cutter means 
arranged for traversing movement relative to the mandrel means in the 
, region of saM belt guide mear^ assembly.. , . . / 

11. A^ggp^ means 
20 assembly guides the tilt around a Iroally inwardly extending path such that 

th^ is ^ visil^^^^^ surface provided 

by the endless support surface. ... 

12. Apparatus as claimed in claim 10 or claim 11 and comprising 
applicator means for cutting, holding and feeding reinforced strip material 

25 to the manc^ support ^ 

13. Apparatus as claimed in any one of claims 10 - 12 and comprising 
transfer means for transferring the mandrel means from a strip winding 
station to a ply fabric cutting and removal station. 
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14. Apparatus as claimed in any one of claims 10 - 13 and comprising 
handling means for removing cut ply fabric material from the mandrel 
support surface. 

15. Apparatus as claimed in any one of claims 10 - 14 wherein the 
5 cutter means is operable to traverse the mandrel support surface in 

synchronism with rotation of the belt. 

16. Apparatus as claimed in any one of claims 10 - 15 and comprising 
lifting means operable to lift relative to the mandrel means a cut edge of 
strip material applied around the' mandrel means 

10 .17. Apparatus as claimed in claim 16, wherein the lifting means 

comprises a gas jet. 

•18. Apparatus, for the manufacture of ply fabric material 

substantially as hereinbefore described with reference to .'and as shown in 
the accompanying diagrammatic drawings. 
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